The BRAF gene has been found to be activated by mutation in human cancers, predominantly in malignant melanoma. We tested 476 primary tumors, including 214 lung, 126 head and neck, 54 thyroid, 27 bladder, 38 cervical, and 17 prostate cancers, for the BRAF T1796A mutation by polymerase chain reaction (PCR)-restriction enzyme analysis of BRAF exon 15. In 24 (69%) of the 35 papillary thyroid carcinomas examined, we found a missense thymine (T)→ adenine (A) transversion at nucleotide 1796 in the BRAF gene (T1796A). The T1796A mutation was detected in four lung cancers and in six head and neck cancers but not in bladder, cervical, or prostate cancers. Our data suggest that activating BRAF mutations may be an important event in the development of papillary thyroid cancer. [J Natl Cancer Inst 2003;95:
625-7]
The RAF proteins are highly conserved serine/threonine protein kinases that have an important role in cell proliferation, differentiation, and programmed cell death (1) . The RAF proteins activate mitogen-activated protein kinase kinase (MEK), which in turn activates the mitogen-activated protein kinase (MAPK) pathway (2) . Inappropriate and/or continuous activation of this pathway provides a potent promitogenic force resulting in abnormal proliferation and differentiation in many human cancers (3). Davies et al. (4) reported that BRAF is frequently mutated in a variety of human tumors, especially in malignant melanoma and colon carcinoma. The most common reported mutation was a missense thymine (T)→ adenine (A) transversion at nucleotide 1796 (T1796A; amino acid change in the BRAF protein ‫ס‬ Val 599 → Glu 599 ) observed in 80% of the malignant melanoma tumors. Functional analysis revealed that this transversion was the only detected mutation that caused constitutive activation of BRAF kinase activity, independent of RAS activation, by converting BRAF into a dominant transforming protein (4) . In this study, we investigated the frequency of BRAF T1796A mutation and further elucidated the importance of this mutation in various primary human tumors.
We screened 476 primary tumors, including 214 lung, 126 head and neck, 54 thyroid, 27 bladder, 38 cervical, and 17 prostate cancers for the BRAF T1796A mutation by polymerase chain reaction (PCR)-restriction enzyme analysis. The samples were obtained from patients treated at The Johns Hopkins Medical Institutions (Baltimore, MD) and were collected in our tissue bank. Written informed consent was obtained from each patient in accordance with the institutional review board at The Johns Hopkins Medical Institutions. PCR amplification of exon 15 followed by digestion of the exon 15 products by the restriction endonuclease TspRI identified the BRAF T1796A mutation. TspRI digestion of the PCR fragment yielded three major bands at 125 base pairs (bp), 87 bp, and 12 bp in the wild-type allele. The T1796A mutation abolished the restriction site, resulting in a prominent 212-bp band from the mutant allele and residual bands from the normal allele (Fig. 1, A) . Reamplification of BRAF exon 15 followed by direct manual sequencing of five samples validated the results of the TspRI assay (Fig. 1, B) . As positive controls for the BRAF T1796A mutation, we used melanoma cell lines HTB71, HTB72, and A2058; for negative controls, we used cell lines ME180 (cervical cancer) and HCT116 (colorectal carcinoma).
The BRAF T1796A mutation was identified in 24 (69%) of 35 papillary thyroid carcinomas (Table 1) , six (4.8%) of 126 head and neck cancers, and four (1.9%) of 214 lung cancers. Moreover, we analyzed nine common thyroid cell lines (KAK1, KAT5, KAT7, KAT10, DRO, ARO, MRO 87-1, WRO-821, and C643) and found the same BRAF mutation in six (67%) of the nine lines. We also completely sequenced exons 11 and 15 in all T1796A-negative papillary thyroid cancers and in 10 T1796A-positive tumors but did not identify additional BRAF mutations. We did not identify any mutations in bladder, cervical, and prostate primary tumors, and no mutation was identified in biopsy samples from 20 patients with benign thyroid conditions (nodular goiter, follicular adenoma, atypical follicular adenoma, and adenomatous hyperplasia), 13 patients with follicular thyroid carcinoma, three patients with medullary thyroid carcinoma, and three patients with Hürthle cell carcinoma.
Papillary and follicular thyroid carcinomas originate from thyroid follicular epithelial cells. To date, oncogenic mutations in RAS and RET/PTC rearrangements have been observed in follicular thyroid carcinoma and papillary thyroid carcinomas, respectively (5, 6) . RAS mutations are common in follicular thyroid cancers, reaching 50% in some studies, but are less common (5%-20%) in papillary thyroid tumors (5). Our observation of a high frequency of BRAFactivating mutations in papillary thyroid carcinoma suggests that BRAF activation and, in turn, activation of the RAF/ MEK/MAPK signaling pathway, is a common biologic mechanism in the development of human papillary thyroid carcinoma. This observation is also consistent with the reported inverse association between the presence of BRAF and RAS mutations in other cancer types (4, 7, 8) . The relationship between BRAF T1796A mutation and RET/PTC rearrangements remains to be explored.
The importance of the RAS pathway in thyroid cancers is further suggested by the common presence of RET mutations in medullary thyroid tumors and their transforming effect through activation of the RAS/RAF/MEK pathway (9) . Moreover, activation of the RAS/RAF/ MEK/MAPK pathway is known to induce genomic instability in thyroid PCCL-3 cells (10), and inhibition of the MAPK pathway has led to decreased cellular proliferation of human thyroid cancer cell lines (11) . Thus, activation at various points in the RAS/RAF/MEK/ MAPK pathway is a key event in the most common type of malignant thyroid tumor. The high frequency of BRAF mutations in melanoma and papillary thyroid carcinoma suggests that inhibition of BRAF activity by the newly developed RAF kinase inhibitors (12) may offer a new strategy in the treatment of these tumors. Our results have identified the BRAF T1796A mutation and likely activation of the RAF/MEK/MAPK signaling pathway as a major mechanism in the development of primary papillary thyroid carcinoma. 
